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[Abstract] 

A chemically-amplified, negative-acting, radiation-sensitive photoresist composition that is 
developable in an alkaline medium, the photoresist comprising: a) a phenolic film-forming 
polymeric binder resin having ring bonded hydroxyl groups; b) a photoacid generator that forms an 
acid upon exposure to radiation, in an amount suflficient to initiate crosslinking of the film-forming 
binder resin; c) a crosslinking agent that forms a carbonium ion upon exposure to the acid from step 
b) generated by exposure to radiation, and which comprises an etherified aminoplast polymer or 
oligomer; d) a second crosslinking agent that forms a carbonium ion upon exposure to the acid from 
step b) generated by exposure to radiation, and which comprises either: 1) a hydroxy substituted-or 
2) a hydroxy C1-C4 alkyl substituted-Cl~C12 alkyl phenol, wherein the total amount of the 
crosslinking agents from steps c) and d) is an effective crosslinking amount; and e) a photoresist 
solvent, and a process for producing a microelectronic device using such a photoresist composition. 
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NEGATIVE-ACTING CHEMTCAU.Y AMPLIFIED PHC3TORES1ST 
COMPOSITION 

5 

Background of thelnventLfln 

The- present invention relates to a chemically amplified, negative-acting, radiatioa- 

sensicive pbotoreSLSt composition and to a mcthoi for producing microelectronic devices 

using such a photoresist. The photdrcsieie of the present tnveniion comprise a phenolic 
10 film-fanning bifldei- tesin having ring bunded hydimyi groups^ n corabmation of at least 

two chernicaily difisirailar cross linldng agents, and a compcumd that generates acid upon 

exposure to imaging radiation (a photoacid generator). 

Photoresist cojnpositionE are used in microlitliographic processes for making 

minialaii?,ed electronit; components such as in the fftbric<ttiot^ of computer chips and 
15 integrated circuits, Genarally, in these processes, a thin film of a photoresist composition 

is fiTBt Eippli^ to a substrate maten&T, such a& silicon wafers need for moking integirated 

citcuite. The ooatcd substrate then baked to evapocate solvent in the plictore$i&t 

coinpQEition and to fix the coating onto the substrate. The bakcd^ coated surface of Che 

substrate is next 5ubjecte<l to an jmage- wise exposure to imaging radiaiion. 
20 Tliis radiation exposure causes a chemical transformation in the exposed ureas of 

the coated surface. Visible light, ultraviolet (U\TI light, electron beam and X-ray radiant 

energy are imaging radiation types coTtimonly used today in jnicrc?lithograptijc processes. 

After this image-wific exposutc, die coated substntte is treated with a developer solution to 

dissolve, and ramove either the radi^on-exposed or the unexposed areas of the coated 
25 surface of the substrate. 

There aie two types of photoresist compositions > negativoworicing and ptKitivc- 

wortdng, \V\ysa negative-working photcjresi^t compositions arc exposed image-wise to 

radiation^ the areas of lh& resisi. tompoaiUoni exposed to the radiation become Je&s soluble 

to a developer solution (e g. a cross-linking reaction occurs) while the unexposed -ireaii of 
30 tlie photoresist coating reiEam rdahvely soluble to such a solution, Thus, trcatnaent of an 

exposed negative- working iTBsist with a developer causes removal of the non-exposed areas 

of the photoresist coating and the creation of sl iKgativc iinage in the coating, thereby 

uncovering a desired portion of the underlying substrate surface on which the photoresist 

compoeitton was deposiCed. 
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The use of a jiegaLiv&-worting, sdd-sensitjve photoresist composition is bnown in 
tJ^(^ prior ait. Most of such prior art photoresist pomposrtions use a crussUrikiTig agent that 
leacis with the polymeric bindea* resin to form m insoluble film comprising a higher 
molecular weight polymer. 



15 



20 



Su imnarY wt tfrg )[pT^tto]ft 

The present invention relates to a chexniudlly-aiDpIijied, nesative-icting, ladiatioD- 
sensitive photoresist composition that is devdopsible in an alkaline medium, the photoresist 
comprising: 

a) s phenolic filTn-fortniTig polymeiic binder resin having idUng bonded 
hydroxy) gcoupsi 

t) n photoHcid gietieracor that t'oiins an acid upon exposure to radiation, in an 
amoiml sufHcient to initiate cTosslisking of tbt film-foaning bindei" reGin; 

c) a croadinkuig agent that foims a caibonium ion upon exposare to the acid 
ftom step b) generated by exposui» W radiation, and which comprises an 
etlicrificd aminop2ast poIyjiK^r or oligomer; 

d) a second croBslinkin^ agent that forms a carbonium ion upi?» e?cpciKurc to 
the acid from step b) generated by exposure to radiation, and which 
comprises either: I) a hydroxy substituted- or 2) a hydroxy Ci - Ca alkyl 
substituted- Ci - C]^ allcyl phenol, wherein the total Jumount of the 
ctosslinldng agpnts ftom steps c) and d) is an effective crossliuldng amount; 
and 

e) a photoresist solvent. 



Tlie present invention also relates to a process for producLng a micioelcctxonic 
dtrvice, such as a semiconductcu:, ttie process comprising: 

a) providing a ncgative-flcdng photoresii>t composition compjising: 

1) a phenolic film-CbmuDg poiymeiic bindeT Tcsdn havii^ ring boLxded 
hydroxyl groups: 

2) a photoacid generator that fonns an acid upon exposure to radiation, 
in an amount sufficient tc initiate crasElmking of the fiim-fonxdng 
binder resin from step 1); 
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20 



25 



3) a crosalinking agent that forms a carbonium ion npon exposure to 
tlie acid from step 2) generatwJ by exposate to radiaciun, and which 
comprises an etherified aiTiinoplast po3ymcr or ollgomct; 

4) a second crosslinking agent that forms a carboniii-m ion upon 
exposaice to the acid from step 2) generated by exposure to radiation, 
and which comprises either a hydroxy substitatcd- or a hydroxy C] 
- Gj alfeyl siibstitufieal- Ci - Cia alkyi phenol, whcnun (he total 
amount of the crosslinking agents ftOTii steps 3) and 4) is an 
effective citMJslinking amount; and 

5) a pbotorcsist solvent. 

h) coating the photoresist compofiitiDn trom step onto tb.& surface of a 
suitable substiatc; 

c) heat treating the coaled substrate from step b) UDtiJ substantially all of the 
pkotoiesist solvent is removed Brora the photoiesdst composition; 

d) j magcwisc exposing the coaled photoresist compOGition Irom «tep c) to 
irciaging radiation; 

e) heating the substrate after die exposure in step d) and 

i) removing the unexposed areas of the coated photoresist composilian from 
Step d) wj^ H developer, 

Description of the Prcferrea Embodtroents 

The co.mposittoDS of the present invention compriGO chemically ampMied, 
negative:-acting photoresist!; sojiftjl^vo to im&gjns radiation such as electron beams, ion 

besnis, ultraviolet light or x-rays. These compositions are chemically ainplifiisd by having 
one photon or energetic particle absorbed by the acid generator, which provides one acid 
molecule that can subsequendy c^t^yz^ many cniKshnktug reactions. The gaienition of 
acid from Uie riidiatioa setisilive photoacid genferator does not require heat, and exposure to 
jtnaging radiaiio^n is sufificiciit. 

The phenolic film-forming polymeric binder resin utilized in the photoresist 
composilions of the prcsi^t invemioinL is pnefcrably a hydroxyurumalic polynier that is 
soluble in aa alkaline medium such as an aqoeous alkaline developer, but insoluble in 
water. These binder resins are capable of uitdergoing crossiinJdng in the presence of a 
c^rosslinking agent. The binder resins are chosen so tiiat the photoresist coiapositions of 
Ihe present iiivcntion are soluble in alkaline medium, such as m aqueous aJkaltne 
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developer, before being crosslinlsed. However, xhsas compo^tions then become insoluble 
in suvh alkaline medium after crossltjildng. 

Preferred biRtler reiiJna may tompriie a novoJak, preferably dedved from a 
fcubstiiuled phenol iuoh as ortho-cresol- meta-cresol; para-cresol; 2,4-xylertol; 2,5-xylenol; 
5 3,4-xylenoI, 3,5-xylen!:>I, Ihyoiol and i3ji};tures th.erccif, tliat b9S been condensed w^itJi an 
aldehyde such as foxrualdehyde. The binder resin may also winpiisc a pt>ly(vinyl phenol) 
sttch as a polyCpara-hydioxystyrene); a polyCpara-hydroxy-alpha-methylstyrciio; a 
copolymer of para-hydroxystyrcne or i?ara-hydrO)ty-alpha-mcthy]atynene and styiiene, 
acetoxystyreim or acrylic acid and/or inetEiacrylic acid; a hydroxyphcnylalkyl carbinol 

10 homopolymer; or a novoIak-/poly( vinyl phenol) copolymer. 

The etheritied amincjplast crosslmking agent comprises an organic oligomer or 
polymer tiiat provides & caxboniutrt ion upon and serves to cxosslink tlie tilm-fomiing 
binder resin in tbe presence of an acid generated by radiation, preferably imaging radiation. 
This renders Hie biTLder resin insoluble in an alkaline racdiurru in the. exposed areas. Such 

15 cros&linlditg agents may be prepared from a variety of uounopl^asts in corabiiJatioii vnth a 
compound or low molecular weight poljincsr contaiiiing a plurality of hydioxyl, carboxyl, 
ainide oi irciide ^roiips. Preferred amino oligomers or polymer.'! are ;iminopfe.sts obtained 
by tEio reaction of an amine, such as urea, mtlamine, or glycoluiea with an aldehyde, such 
as foimaldchyde. Such suitable aminoplasts include urea-foimald-stiyde, melamin-e- 

20 formaldehyde, benzoguanaimne-foimiildehyd*;, and gylwliiril-foimaldehydtJ resins, and 
combinatioas of sny of those, A particiilarly prefcnod amitiopl&st is hfiXa<niethoj«yJtiethyl) 
medamiiK oligomer. 

The hydroxy-substituted aUcyl phenol cxo&slinldng agent compaiscs m organic 
polymer tbat provides a carboniuin ion and also serves to cro.'slmk the Hlm-^cimuDf blDder 

25 rosin in tlie presence of au acid generated by radiation. This renders the binder resin 
insoluble in an alkaline medium, in the exposed areas. Such cro&slinking agents include 
mono- and di-hydroxy-sahstituted phenols such a& a dialkylol ltcsoI, e.g. a diaJkylol- (e.g. 
diinediylol-) para-creso]. Preferred dialkylol cresoJs coniprise mono- or di-hydroxy C| - 
Ci alkyl substituted (mono-, di-, tri- or tetra-C| - C|£ atkyi) phenol, such as a 

30 dihydroxyalkyl- <tetrd-AUcyl)-phenoL Parficularly pielvErrcd cioss-linkiag agmts an? the 
2.6-dihydrnxyaUc5'l-4-(tetrii-alkyl> phenols, such as £»6-dihyt1roxymethyl-4-(l,l,3»3- 
teiraoetbylbutyl) phenel. 

T\ie photoacid generator, upon expusure to ry^diation such as UV lights generates 
the amount of acid necessary to catalyze the crosslinking of the polymeric binder resin in 
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the phcrttvesist ccimpositiciiu This provides the final diflesreaces in Rolubility between the 
cKposcd and uTicxposcd areas of the photorcsiRt film on the substrate. The preferred 
pholcacid gcnexator is a radiation scjnsitivc oxime sulft^note, such US disclysed in Unittsd 
Stales Patents 4,540,598 aud 5,627^011. As Ihe photoresist composititm i& exposed to 
5 radiation, especially actinic jradiauon, the oxime sulfonate generates acid, so tEiat 
t;rosRlinking takes place dining tlie po&t exposure baking procBSS, in which Ihe exposed 
area^ of the photaresLst camposdtion becgnae insoluble in the customary alkaline medium, 
such as art aqueous alkaline de\'e|opK. The piefcixed oxime sulfonates utilized in the 
photoresist compositions of tbe jwesetit invention have the fommla: 



wherein Rj and fe2 may be Ci - C4 alkyJ or hatogenated altyl; phenyli or naphthyl; or 
phenyl or naphthyJ sul^stltuted with a nitro ,. chloro-, bromo-, hydroxyi, Ci - d alkyl, d - 
Ct fluoiT>atkyU or Cj ~ C* alkoTiy 

Suitable solvents for such photoresist compOBitians may include propylene glycol 
moito-alkj'l cthcr, propylene glycol alkyl (e.g. Diethyl) ethet acetate^ , 2-heptaoc:iiiie, 3- 

20 methoxy-3-methyi butanol, butyl acetate, anisalet xylene* diglymt^ ethylene glycol 
monoetliyl ether acetitte, ethylene glycol maaomethyl ether, ethylcoe glycol njonocthyl 
edicar, diethylene glycol monoetJiyl ether, ethylene glycol mouioethyl ether acetate, cthylcjie 
glycol monoTiicihy] ao^atG, metl^y] ethyl ketone, 2-liqptaDOiie oar a 
monooxymonocaiboxylic acid ester, such as metliyl oxyacetate, ethyl ORyacctate, butyl 

25 oxyacetate, methyl methoxyacetate, ethyl methoxyacetate, butyl methoKyscetate, tuethyl 
ethoxyactetatc, ethyl cth oxyacetate, ethojiy ethyl propiOTialej methyl 3H:»typt'opfoTt5.ie, 
etiiyl 3-oxypropionate, methyl S raethoxypropioniite, etliyl S-iTiethosyptopionate, m*2thyl 
2-oxyprc.pionate, ethyl 2 oxypropionate, etbyl 2 hydroxy propionate <ethyl lactate), ethyl 3- 
hydroxy propionate, propyl 2-Dxypropioiiate, methyl 2-ethoxypTopionate,. or propyl 2- 

3D methoxy propionate;, or mi^^Cureft of one or more of tJiese. The photoresist sclveni(s) may 
be present in tlie overall pihotareKisl composition in an amount of up to S>5% by weight of 
(he solids in the composition, ScQventR, of course, are subsCantiany rcnntoved after coating 
of the photofesist solution orj a substrate and sub.^uent drying. 



10 



NC 
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The prepaj:ed photoresist solution, can be applied to a sulMtratc by any convenuonal 
method used in (he jpholoresist art, mcluding dipping, spraying, whirling and spin OTating. 
When 5pin co^iting, for example;, the pholoiesist soiudDn tan be adjusted with r&spect to 
Ih^ pwcentage of solids content, m order to provide a coaling of the <lesii[fjd thickncsSj 
5 jpven the type of spinninj^ equipment utilized and the amount of tirn<: allowed for ilie 
spismin^ process- Suitable j;ubstrale& incluclc siliccm, aluminum, polymeric lesins, silicon 
dioxide, dopcui silicon dioxide, silicon nitride^ ttintalum, copper, polysilicon, ceramics, 
aluminuiD/corppra- mixtures; gallium arsenide and other such Group TtW cismpounds. 

Tlie photoresist coatings produced by the described [jraccdurc are particularly 

10 suitable for application lo theimaily ^rovvn silicon/silicon dioxide coated wafers, such its 
mx5 utilized in the production of iioicroprocessors and otiier miniaturized integrated circuit 
componeTits. An alominunj/aluTninum oxide wafer can also be used. The- substrate may 
also coinpn&e various polyiumc resins, especially transparent polymers such as polyesters. 
The substrate may have an adhesion promoted layer of a suitable cooiposition, such »s one 

15 i;antaining a hexa-alkyi disilazans, preferably hcKamediyl tfi^tlusane (HMDS}. 

The photoresist composition solution is then coated onto the sulKtrate, and the 
Eub&tr<ite is heat treated. This temperature trei^lirient is selfecred in order to rcdncc the 
ctineemtration of residual solvents in the photoresist, while not causing substantia thermal 
degradation ot" the phnrosensitive component. In general, one desiies to itiiuirmze the 

20 cancenCratioa of solvents and this first temperature treatment is conducted until 
substantially all of the solvents have evaporated and a thin i^ooting of photoroaiat 
eompositioo^ on the order of one micron in thicknecs, reicains on Ibe substrate. The heat 
treafjnent is eooductcd until tlie rate of change of solvent itjMOval l>ecomes relatively 
insignificant. The temperatare and time selection dspend& 00 the photoresist propcxties 

25 desired by the user, as well as the equipment used and comniorclally desired coating times. 
Tiic coated substrate can then be exposed to actinic radiation, in an> desired pattern* 
produced by use of suitable masks, negatives, stcnctis, templates, etc. The phoforesiESt is 
then subjected to a post exposure second baldng or heal treatment: before development 

Ibe exposed negative-acting photoresist-coated substrata axe developed to remove 

30 the uiiex.posed aicas^ ncmnally by imnicraion in an alkaline developing solutton or 
developed by ii spray developjnent process. The solution is preferably £^taccd, for 
exHmple, by nitrogen burst agitation. The substrates are allowed to remain in the developer 
uolil aiU or suhstantiaJly all. of the photoresist cofiting has di.ssalved from the unexposed 
jueas. Developers may include aqueous soiutionLS of ammonium or ^Jlkali metal 
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hydroxides. One pref tarred hydtioxide ie tefra methyl ajnmonmm hydroxide. After removal 
of the- coa.ted wafeis Room the- developing solution, nne Jnay conduct an opLional post- 
development he&n Txefttraeni ot bsike to increase the coaiiiio^ adJiesion attcJ cliemical 
resistance lo etching solutions and other substancK. The po&t-deveiopmeat keat Heatnienl 
5 can comprise the oven biiikiTig of the coating md substrate below the coating^ softening 
[loint. Ihe phoCoresist compuEitkiiiG of the present inventian £ir& restaur to acid-b^se 
etching solutions and provide effective pxoteclion for the unexposed plwCoresist-coatxng 
sxcus of the substiate. 

Typical photoresist composi'hnns of the present invention may compriae up to 

10 about 50 percent by weight, based on the tutal weight of the photoresist ccniposition. The 
solids may compiisc from 1 to J 5 weight percent of the photoacid generator, 40 to 80 
weight percent of the phenolic resin bindei' and from 5 to 30 weigEit percent of the 
croS!3liciJcing agents, based on the total solids content of the pliotoresist composition. 

In a. particularly piEreired embodiment of the present invention, an I-Ene sensitive 

"is dye may also be added to the photoresLst composition. Siidi dyes may fncJuda Sudan 
Orange G; Martins Yellow; Dye O-PM ester; 2.3'»4,4*-tetramcthyThydrQX!,4?eitzo- 
phenone, 9 anli^racene meths^nol; phenoxyioethy) anthracene;; 9J0-dipIienylant!iTacenc; 
substituted phenaritlatac&aes and &ubfititqtcd biphenyls. Generally, from abou! ± to 10 
percent, based on the total weight of solids, of such a dye may be added. 

2C The following specilic exaniplcs v^ill pmovide detailed illustrations of the methods 

of pixKlucuig and utilizmg compositions of the prcjent inventiion. These examples are not 
iatendcd, howeveij to limit or lestrici the scope of the invention iu any way and should not 
be oonstrued as providjug rnvditions, paTametiers or values which must be utilized 
exchwiveJy in order to practice the prcsettt invention. 

25 

A photuiesist compositiuii was prepaid by providing an adinixtunc of 2.1E27 gm. 
VPN 1109 (18.5909%). 01267 gm. DM-POP (1.0792%). 0.0396 gna, PAMQl (0,3371%), 
30 0.1718 gm. of a 2% soluCion of FC 430 in POMEA (1,4632%), and 9.2199 gm. PGMEA 
(78.5296%). 

1) VPN 1J09 is a meta-crcsol/formaldchyde novobk resm available fonn 
Clarianl Coi-poration. 
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2) DM-POP is 2,6-dihydrnxyiTiethyM-(l,l3.3-telrarTBthy)hut:>'l) plieool 
available from Honshu Cfiemical CoaipEmy. 

3) PAI-U)i IS 4-iDaeihoxy-alpha<C(4-nietliylphenyl)si]tfonyl)oxy)iniiiio benzeaio 
acetonitrile available from Midoji Kagakw Company. 

5 4) FC 430 is a fluoriTialed surfactant avatlal:>k: from 3M Corp, 

5) PGMEA is pfupyletLB glycol methyl ether i^eiftie. 

-- - Comparati^^ t??^ampl^ Z 

10 A pholoresisf compos-ition was prepared by providing an adniixtLLm of 6.OO70 gni- 

VFN llOy (20.0234%), 2.] 100 gm Cymcl 303 (7.0335%), 0.02B31 gm. PAI-lOi 
(0.9435%), 0.4500 gm. of a 2% soluhon of FC 430 in PGMBA (1.5000%X and 21.1499 
gm, PGMEA (70.4P96%). 

Cjinci 303 is hcjiaincthyloJinelHimne hetxamethyl ether 3ivaLlabl& from Cytec 

15 Industries. 

Example 3 

A photoresist composition was prepared by providing eui adiruxture nf 2.3426 gm.. VPN 
20 1109 (19.2016%), 0,0755 gm. DM-POP <0.6189%>, 0.3657 gm. Cymel 303 (2.9975'Jt), 
0.0727 gm. PAl-IOl (0.3959%), 0.1804 gm. of a 2% solution of FC 430 in PGMEA 
(1.4787%), and 9. 1631 gm. PGMEA (75.1074%). 

Example 4 

25 

The pl^tiioresiat coitrpositions of Comparative E\3mple 1. Compararive Example. 2, 
and Example 3 were each coated onto a 6 inch silicon wafer to each provide a photoresist 
film tliicknflss of 1.17 micrometer (micron). The coated wafers were than each soft "baked 
on a hot plafe for 60 seconds at SKl'C, The wafers were thee each exposed on a Nikon® 
30 0.54 NA Mine stepper at the eKposwre doses listed bclow. Eadi exposed wafer was then 
post exposuxe baked on a liot plate for 60 seconds at 1 lO^C Th& wafers were than each 
puddle developed using AZ® 300 MIF developer (2.3S96 TetramethylainmoniiiTn 
hydroxide solution) for 60 seconds at 23"a Hie photonesist compositioiis of Coraparative 
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Ex;ii.mpks 1 and 2 pro\'ided pattern profiles tliat weiie unsccepfable because the walls of the 
profiles were no where near vertical. Tfie photoresist cumposition of Example 3 provided 
very acceptable profiles having substantially vertical walls. Exposure doses fin tlie l-Une 
stepper for the photoresists from Examples I, 2, and 3 were, respectively^ 48 mJ/cm', 26 
5 TtiJ/cm^, and 30 mJ/cm^, 

Example 5 

A photaiesist composition was pnepared by providing an <K]mixfi.ire of 1!).2016 ^m. 
10 VPN 1109, 0.6139 gm. DM-POF> 2.29975 gm. Cyme! 303, 0,5959 gm. PAMOl, L47S7 
gm, of a 2% stjlutiOTJ of 430 f n FGMEA, and 73 , 1074 gm. PGMEA. 

EAaroplc 6 

15 A photoresist cnmpositicin was preps^red by providing ati admixture of 19.201(> gra. 

VPN 1 109, 0.6 \S9 gni. DM POP, 2.2997^ gni. Cinnci 303, 0.5959 gra. CGI 131 Oximt 
Sulfonate (available frojn Ciba), 1.47S7 gm. of a 2% soiudon of FC 430 in PGMEA, iind 
75.1074 gm. PGMEA. 

20 Example 7 

A photoresist compoMtion was pi-epared by providing an iidmixture of 19.2016 gm. 
VPM 1109, 0.6189 i^rn. DM-POP, 2.2y975% Cymel 303, 0.5959 gm. OP9141E 1- 
suIfonyloxy-2-pyridone. 1.4787 gra. of a 2% soludoa of PC 430 in PGMEA, and 75.1074 
25 gm. PGMJEA. 

Esamplc 8 

A photoresist composition was prepared by providing an adttiixture of 19.2016 gm. 
30 VPN 1 10S>, 0.6139gni. DM POP, 2.29915 gm. Cyrnel 303. 0.5959 gm. PAI-lQl. 0.19515 
gm. 9-£LOthracenemethanol, 1.4787 gm. cf a 2% solution of FC 430 in PGJlvtEA, and 
75.1074 gm. PGMEA. 
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A photoresist coinpositian was prepaii&d by providing tin admixture of 24.0033 gin 
VFN 1109. 0.7929gm. DM-POP, 3.S408 gm, Cimel 3U3, D.7635 gra. PAl-lDl, a. 8947 gnn. 
5 of a 2% solution of PC 430 in "PGMEA, and 63. 1048 gm. POMEA. 

Example 10 

A photoresist coni]|)ogition was prepared by providing sjx admijsture of 26 0477 gm 
10 of a pQly(liydroxystyrcne)/StyTcriE 10013-77-FDP copolycner (available from Triquesi), 
O.S395gra. DM-FOP. 2.7798 gnx. Cymel 303, 0.3336 gm. PAI-101. 2.0059 gra. of a 2% 
solution of FC 430 in PGMEA, and 67.9936 gm. PGMEA. 

E2Lan3?lsJ.J 

1 5 A photoresist oouiposition was pEcpaied by piovjcKng an adtajxture of 26.7295 gm. 

of a PoJyOiydrosystyrencyStyrcnc EK-070 copolymer (available from Maxuzem), 
0.48O5gin. DM-POP. 2.3274 gm. Cymel 303, 0A621 gm. PAI-101, 1.14S1 gra. of a 2% 
isolutioji of FC 430 in PGMEA, aniJ 68-SS19 gm. PGMEA. 

20 Example 12 

A photcanesist coinpo-sition was prepared by providing m adiniKture of 24.6033 gm. 
of a PoIy(hycln»cystyrciic)yNavQlak I0004-133-2B co|Wlymfir (available from Triquest). 
0.4805gm. DM POP. 2,3274 gn^ Cyniel 303, 0-4627 grn. PAI-101, 1.14S1 gm. of a 2® 
25 solution of PC 430 in PGMEA. jaid 68 S5 1 9 gm. PGMEA. 

Ea;ample 13 

Tbe photoresist compositions of EsampLes 5 to 12 wete e^ch coated onta a 6-inch 
30 silicutn Vf^fcr to each provide a photoresist film (hidknesis of 1.00 micrometer (micron). 
The coated wafers were then eadti soft baked on a hot plate for 60 secK)n(£s at 90*C. The 
wafers were flien each xsiposed oti d Nikon® 0,54 NA I-Mne ateppor at the cjiposuiE closes 

listed beIo>^', Bach exposed wafer was then post exposure baked on a hot plate for 60 
seconds at 110 "C. The wafers were than eaoh pcidd]e developed using AZ® 300 MIF 
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developer (2,38% TetramethylamTnoniurti hycfroxide soluUoii.) far 60 secunds at. 23 °C. 
The photoresist composition of Ex amp lei; 5 to 12 each proviiicd very acceptable profiles 
EiaviTtg subfltantially vcitical walls. The exposure doyes for the photoresists from BXEUnple 
5 ihrougli Example J 2, respectively, wcra as follows: 



Hxample No. Exposufg dns& (mJ/coi^) 

10 5 30 

6 63 

7 10 
S 22 
9 18 

15 10 26 

11 32 

12 26 

Unless othei-wisc stated, all parts sjiA percentages yre by weight; alkyi is C] to C4 
20 alkyl; ii]kax.y i& Ci to d afkoxy; all temperatufe^ ate in degrees Centigrade^ and aU 
molecular weiglus are weight average molecular \^'«ig)iis. 
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Having described oiir invenlion, what we desire to claim is: 

1. A cJhemically-arapiified, negative- acting, radiation-sensitive photoresist 
5 coiDposition (bat is deviolopable in nn alkaline medium, the photoresist cqmpii&mg: 

a) 9 plTcoolic fiJiTi-foniiing polynicric binder resin having ring bonded 
hydroxyl groups; 

b) 4 photoacid generates that forma m acid upon ex.posure to ladiiiition, in an 
fimouat sufficient to initiate crosslinking yf the fiini-foimiTig bitidcr resin; 

10 c> a c3X?sslinki3ig a^ent iliat EoJtiiis a coiboniom ion upon exposure to the acid 

from step b) generated by exposure to radiation, tind which comprises an 
etl;ierified amlnoplaiil; poiyraer or oligomer; 

d) a second etc i;$lin king agent that forjns a caibonium ion upon expcsuxe to 
the acid from step b) generated by exposure to radiatiorL. and which 

IS compiises cither: 1) a hydroxy substituted- or 2) a hydroxy Ci - C* allsyl 

substituted- Ci - C12 alkj'! phenoU wherein tlies totai mourn of tlte 
crosslinking agents from steps c) and d) is an effective croftslinJcing atrKJunt; 
and 

e) a photoresi&l: solvent. 

20 

2. The photcnesist composition of chum 1, wherein ilie polymeric bindcf resin 
comprises a novolak derived from a subGtiCuted pbencl sd<xted fiom oarfho-exesol; meta- 
ciresoT; para-cresol; 2,4-xyIenol; 2,5-xyj[enoI; 3,4-JCylei»L, 3^'5-xylcnol, ihymol and mixtures 
thereof. fhi»t has been coiidensod with an aldehyde; a poly(vitiyl phenol); or poly<vin.yI 

25 phenol) copoI>mer. 

3. The photoresist composition of claim 2, wherein the aldehyde is fotmaldehyde. 

4. The phcrtoresdst compo^tion of claim 1 , wherein the cro^Haking a^nt of step b) i s 
30 an etherified amjinplast oligomer or polymer obtained by the rsactiott of an amine with an 

aldehyde. 



5. The- photone-sist composilion of claim 1 . wherein the cthmi^d aminopLast oligotner 
or palynier of step b) is a liexa(methosymeihyl) iMjelamaine. 



Patent provided by Sughrue Mion, PLLC - http;//V/ww.sughrije,co5Ti 



(25) 



JP 2004 503880 A 2004. 2. 5 



WO «J«6?60 



PCT/EP0f/U58'f« 



6, T!ie photoresist compdsitiodoi of clidm U wherein the second crosslmkinc agent of 
step c) iR a dialkyLol cresoL 

5 " 7, Tlw phofcarcaist comiposLtioii of cljum 6^ wherein the difllkyl ciesol is a dialkylol 
para-crfisol. 

8. The photiJTcsist compositioo of claim 7, *henein the dialkylol-para-cresol is & 

di hydros y al ky 1- (tetra-alky l)-phenoI . 

10 

9. Tile photoresist coraposiiion of claijn i, wherein the photoacid gonetratox of step d) 
is an Qxime sulfonate. 

10. The photoresLst camposicion of claim 9, wbeieiii ttiie oxime sulfonate has the 
X5 fomaula: 



NC. 



20 whsTcin Ri and R2 are Cj - C4 alkyi oj: halogenated alkyl; phenyl; naphthyli oi' phenyl or 
naphthyJ substituted vnxh a nitro-, ctiloro^, bromo-, hydroxyl, Q - C* dkyl, Ci - C4 
fluoroalfeyl, or Cj - C* £ilkoxy, 



30 



11. A process for producing a microekctionic device comprising: 

a) providing a negative- acting photoresist composition cxjinprising: 

1) a phuKdic film-forming polymeric binder resin having ring bonded 
hyUiosyl groups; 

2) a photoactd generator that forijns an acid upon exposmv to ladlatiOA, 
in an amount snfficieot to initiate crosslinfcing of the film-forijiiTig 
binder resin from step t); 
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3) a ciossliiikin^ a^f^r that forais a carboniunj ion upon e;^Qfiuie to 
the acjjd &ora step 2) geoeraled by es-posure to radiation, and which 
coinjTriscs an ctherificd amiTiopIast polymer or oligomer; 

4) 2i second crosslmking agent that fonns a oarix?nfum ion ii|>oii 
exposure to the acid from step 2) generated by e^^posurc to ^adjatiortj 
and which ooinprises cither a feydnoxy iubsUtuted- or a hydroxy Ci - 
Ci yXkyi substituted- Ci - Ci^ atkyJ ptertol, wherein the total 
^cnml: of the crossUnking agms from steps 3) and 4> la an 
effective crossltiifcuig funouat; and 

5) a photoresist solvent. 

b) coating the photoresist composition from step a) onto the surface of a 
suitable substrate; 

c) heat treiiting the coaled substra^te from step b) until siibstiintial"|y all of the 
pholxtresi^ solvent is removed from the photoresist oomposition; 

d) imagpwise expose ng the coated photoiesist compositiou from step c) to 
imaging radiation; 

e> heating die suhstrato after the cx^pofiurc in step d) and 
f) removing the unexposed areas of the coated photoresist compositiioii from 
3tep d) with a developer. 

12. The procees of claim 1 1 , wtetein the polyriKxic binder rosin compiiseB a novolak 
derived fjtDm a si:ib5titiHed pheaol seleded from ortUo-cxesol; meta-crosol; para-ccesol; 2,4- 
xy]enol; 2,5-xylcaio]; 3,4-jtylcno!, thymol and niixturefc thereof, that has been condensed 
with an ddehyde; ap<dy(viiiyl phenol); or a poly{vinyl phenod) copolymer. 

13. The process of claim 12. wberein the aldehyde is formaldehyde. 



14. The process of claim 11, whereic the crosslinking agent of step a) is an etherified 
aminoplast oligomer or polymea* obtained by the reaction of an ainioe with on aldehyde. 

30 

15h The prooess ofcliiiiii 11. whciein the ethcrtfied aminoplast oliggnKT or polymer of 
step a) is a hexafmethoxymcthyl) melaDCUire. 
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16. The iihotcjrcsist conipQsttion of claum 11, wherein the second crosslmking agpnt of 
step a) is a diaJkylol crcssol. 

17. The process of claim 1 6. wherein the dialkyl cresol is a diaDcy loi para-cresnl . 

5 

18. The process of cUim 17, whcOTin the (Ualkylol-para-cjresol is & dJhydroxyalfcyl- 
Ctetra-alkylJ-pbenol. 

19. The photocGsist con^sitioD of claim II, wherein the photoacid generator of etcp a) 
IQ is an oximB bulfoiiaCie. 

20. The process of claim 19^ wherein the oxime sulfonate has the forniola: 



^C=N-0— SO2 



Hi 

wherein "Rj and R2 iire C\ - C4 alkyi or halogenaled alkyl; phenyl; naphthyl; oi- phenyl or 
tiaphtl^yl substitated with a nitto-, chloro-^ bromo-, hydroxyl, Ci - C4 alkyl, Ci - C4 
fluoToalkyi, or Ci - C4 alkosiy 
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[*ilMB] ¥^14^5^28B (2002.5.28) 
[ ¥ ^ ?! I 1 ] 

[ ?l jE <9 W ^ ] 

[ !tf IT H ci) e H ] 

C siS Jl 1 ] 

ol) ^ic«s^b;fei:h"n + ;/;i.st#-rz7x/->ii/'&5)?iK'S7i?i>'Y-'tt;w> 

y - ^M > 

h7i^yY-*fett^i;D-Y-*^>4^';^u-7S5ticd;oTfS*ufeSiigt) 

e ) 7 ^ K U 5/' Z K )S f J 

7 ^ h U 7 I- ffl a? !t:8!l . 
C §S jK Jl 2 ] 

tTv U Y - A > -5'" - «i @§ , 7 )VT ^ \' YM'^ 7 Xl)L^ )V h - 0 - )l . >i - 0 

y - )l . A^- 0 - )\. . 2, 4-1=^Uy-JU> 2, 5-=^>'U/-;U> 3, 4 
-^S/U/-;!., 3, 5 - =>r y \y ^ - )l . ?t->'l.^^Ctl^«^)ii^%#'^3Mfl?rtlfeM 
1^rti;fe7x/->/l/*^i^^^^tL3/7K^yi7; 7Ki;(fz>il.7xy->'l.); 
TltU (Cz;i/7x/->/l.) Y-t^^«Is ai>KJl1Q7*hU;/'XI-li5X'iB5. 

[ s« St Jl 3 ] 

7 )IT t t^f . 7 )\^ T t \' -5' J . m >KJR Z Q 7 :t h \y y X h m.^ . 

[ as « js 4 ] 

Sligct)c7)»^o)?l^?ifJ*»f2, 6-7'i:h"n=^=y><f;i/-4-(l, 1. 8. 
^f^l.^^;!.) 7x / - Jl'd'^'i . SliJKJll <?)7* hU>/'ZI-MsKit!!lc 
[ a 5K JS 5 ] 

SPgt) <9*llfS*#;!:f;?r + ;/^.x;i.7lv:^-h-?iP)I« 8i!i>KJl1<?)7*hL/;/*XI-JliJi)c'iJ83 
[ si St jS 6 ] 

mtZ:d =><= y - h » . )>XT Q^. t«t)t7 

[^b 1 3 



C=N-0— SO2 

[ ^-^^ Ri>(JC^R2tt. C, - C4 ;^>'l' + ^U*;feB;Ani^>-(b7>'U + >'U;7xZJU 

;^7fyu: ^?t)t3;zi-D. 7"Dt, i:K'ni=;/>ii/, Ci - C4 ;p>'H=>'i/ 
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> Ci - C4 y)ltD7)\^^)\^t[.<t^C^ - C4 y fi' ^ S.m t il ^ 7 ji Z )l t 

[ bI 5K Jl 7 ] 
ex. ) 

y Y -mm. 

2) sp^i) n ^ ommi^K 4 y Y - m%^o)^n>-^m^t vlz (D ^w<D . 

3) \=^-!f (^h + 5/>^^;i.) ^ymt}^^ 1--^ )i\tt ^)l7 ^ J y 

4) t/ - tb<tt5/"- th" 0 + ^01-04 7 )[' ^ )L (. ty - 

^ h'J- tU<d:xh^-Ci - Ci 2 T'^U + yU) 7xy-;i.t]^i^^';irUTB 

5) 7*hU5/"Xh^fJ 

g) SPgt) y 0' t . %n^\z±-z Q 7 t 

1i flj Si * u . 

e) ^m<L) ic3vi-r^s*Q^icSfttAD^u> ^UT 

f) nm<L) n ^ <ozi-7- 4 y t ^ n.^7 t h u ^ x h m.^^(DS%7 hi d ^ d 

m M t mi f J s 1 1 , 

[ H Jl 8 ] 

7Ki;Y-'it;w>-5^-fii)ie;yf> y )i ^ )i m^^ b ^ 7t )\. h - 9 v- - )i . >^ ^ - 0 v 

Y - )V . - 7 [y V" - )V . 2. . i\ - ^ V \/ J - h s 2, ^ - ^ V \/ J - h s 3. 4- 

*rtii/3c^y!7; 7it';(i:'z;i.7x/->'i/); S;fett*';(cz>'i/7x/-yi.) 

[ a» St jS 9 ] 

[ a 5K Ji 1 0 ] 

S|igoL)Q3S-<?)?l5ffifJ:t>f2, 6-5/"k:h"n + 5/><^;i/-4-(1. 1. 3. 3-xh=7 
>^f)V7"fh^ 7x / a5KJS7<97* 

[ ii a? JS 1 1 ] 

o 

[ 8il 5K Jl 1 2 ] 
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NC 



R2 



C-N-O— SO2 



[ R ^ JkZ/ R z ft . Ci - C4 7 )l =^ )l t b < AD y -it 7 )l ^ )l . 7xZ 

^ h . Ci - C4 -7)VtU7)V^h^\J<XS.<Z^ - C4 :^^U^ + VCJ;oTSl^^*i:fe 
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7XV10^?km. 1t}V7 t)lZ7iW9 1 3 54^ V-'TtU- 23 229 

^XV^-^^m. Za->^->'-;/"--JHO 8 8 0 7^ 7"'; yVt7 Zx-f-7-;i. • 

• L/^>. 4 7 3 

Za-;/'->'-5/"-->H0 8 8 2 2^ 7l/$>l->« ^^.C- • U ^ 8 
F^-Z^(#*) 2H025 AA01 AA04 ABIG ACOG AC08 AD01 BEOO CB07 CB29 CC08 
CC17 FA01 FA12 
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